The aim of this work is to report our experience in contrast-enhanced magnetic resonance (MR) automatic analysis. This technique is usually used in our practice for the diagnosis of breast cancer. Study execution and semiautomatic data analysis require at least 1 hour of the radiologist. So, we decided to develop a tool that aids the radiologist in locating the regions of neoplastic angiogenesis and quickly plotting the enhancement curves. This is not a computer -aided diagnostic tool; of course, the curves are interpreting directly by the radiologist. We used a programmable graphical and calculus environment (Matlab, The Mathworks, Natick, MA) to develop a tool that interfaces directly with our picture archiving and communication system (PACS) via Digital Imaging and Communications in Medicine (DICOM), receives images, performs images subtraction, and shows some possible regions of interest (ROls), each with an enhancement curve. The radiologist can also select other ROls. The software shows a good performance (sensitivity, 100%). A low specificity (25%) is acceptable because the software allows the radiologist to save some time during -each study. 
C
ONTRAST-ENHANCED magnetic resonance (MR) is an imaging technique for the early diagnosis of breast cancer. It is in this way possible to evaluate not only the presence and extension of the tumor, but also its biologic characteristics, thus allowing differentiation of nonmalignant from malignant masses.
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MATERIALS AND METHODS
The radiologic procedure consists of the acquisition of a series of MR images before and five times after the injection of paramagnetic contrast (gadolinium DTPA). Each sequence covers 67 seconds without gap. Since tumor tissue absorbs contrast faster than healthy iissue due to neoplastic angiogenesis, the The dynamics of absorption are described by a time/intensity enhancement curve, which reports the mean intensity of the MR signal in a small region of interest (ROI) for 5 minutes after contrast injection. The morphology of these curves is completely different for carcinoma versus breast normal parenchyma, muscle. fat, or nonmalignant tumors.
The analysis of the enhancement curves for the most significant ROI usually requires more than I hour for the radiologist. With the aim to help the radiologist, reducing time and costs, we developed a software that helps to locate a ROI (in a semi automated mode), to calculate the enhancement curves for each ROI, and to report results.
The software is written in Matlab (The Mathworks, Natick. MA). This easy-to-use scientific software is explicitly designed to allow the development of powerful calculation procedures and also provides many tools for designing pleasant graphical interfaces in Windows (Microsoft, Redmond, WA). The software consists of three modules. The first is a Digital Imaging and Communications in Medicine (DICOM)3 reader, which uses the Offis Dcmtk software (Oldenburg University, Germany) to interface directly with our picture archiving and communication system (pACS; Siemens [Munich, Germany] Sienet). The second is the graphical interface: the radiologist views all of the series included in the study, and can modify windowing and select one or several ROIs (Fig I) . The last module is the calculus engine, which can calculate the enhancement curves for each ROI and, optionally, find every ROI which shows a potentially pathologic enhancement curve.
RESULTS
The software has been validated with a set of 10 patients, with a proven diagnosis of malignant tumors and for whom the most significant ROls and manually obtained curves are known. The software skill for calculating the curves (test 1) and for automatically selecting the most significant ROIs (test 2) has been tested.
We selected two ROls for each patient and compared the curves calculated by the software with those obtained manually (Fig 2) . We used the correlation coefficient to compare curves and the results are reported in Table 1 . The lowest correlation between the curves is 96.7% and for a half of them the correlation exceeds 99%. The different values are probably due to small differences between the manually selected ROls and those selected by the software.
The second test estimates the performance of the algorithm to automatically detect the ROJ. The test ' .
,---_. requires the reading of 4,500 images, which requires 5 hours on a Pentium II PC (Intel, Santa Clara, CA). The software correctly detects all of the significant ROIs (sensitivity 100%), but detects a great number of highly vascular regions as well (specificity 25%).
CONCLUSIONS
The software shows a sensitivity of 100%, and thus low specificity. The curves overlap, with a high degree of correlation, with those obtained through the dedicated software of the MR modality. For this reason our software can dramatically increase the interpretation speed of contrast-enhanced MR images in contrast to the traditional manual techniques, maintaining the general values of diagnostic accuracy.
ssrn ET AL The next step is to add to this software a neural network postprocessing engine with the capability to automatically discriminate the false-positive ROIs.
